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To investigate the effects of (1®®®®® 3)-bbbbb -D-glucan after in-
halation,  anim als  were  exposed  to  different  form s  of
glucan and the num ber of lung lavage cells was deter-
m ined 24 h after exposure. None of the different form s
assayed  caused any increase in cell num bers. In ani-
m als exposed to endotoxin, all types of cells were in-
creased after 24 h. A sim ultaneous exposure to curdlan
reduced this increase in a dose-related fashion. The re-
sults suggest that (1®®®®® 3)-bbbbb -D-glucan-related acute injury
to the lung is induced by m echanisms other than those
induced by inflam m agenic agents such as endotoxin.
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Introduction
There is accumulating evidence that airborne micro-
bial cell-wall agents are im portant risk factors for the
development of respiratory disease in general and in
occupational  environments [1].  Whereas  the effects
of one such agent, bacterial endotoxin, are relatively
well  understood  [2±4]  another  agent,  (1® 3)-b -D-
glucan, has not yet been widely researched for inha-
lation toxicity.
As (1® 3)-b -D-glucans are present in many differ-
ent organic dusts, the effects after inhalation are of
particular interest.  Acute inhalation studies  on  b -D-
glucan have used curdlan, a non-branched water-in-
soluble (1® 3)-b -D-glucan. In contrast to effects seen
after endotoxin inhalation, exposure to cudlan does
not induce a neutrophil invasion into the airways [5].
Furthermore, the endotoxin-induced neutrophil inva-
sion was reported to be depressed in anim als pre-ex-
posed to curdlan [5].
In another experim ent, animals were exposed for
5 weeks to an aerosol of curdlan, endotoxin or a com-
bination [6]. The repeated exposure to curdlan caused
no neutrophil invasion, but endotoxin induced a slight
increase in the  total number of  inflammatory cells.
W hen  both  curdlan  and  endotoxin  were  given  to-
gether, a marked inflam matory response was present,
both in the airways and the lung parenchyma.
It has also been shown that the endotoxin-boosted
immunoglobulin G antibody response to inhaled oval-
bum in  is  blocked  by  a  sim ultaneous  exposure  to
curdlan (R. Rylander, P.G . Holt, manuscript subm it-
ted for publication).  Taken together, these data sug-
gest that although curdlan interferes with the norm al
functioning of the defense system of the lung, it does
not cause an acute neutrophil inflamm ation.
Further work has been concerned with  the inter-
ference of (1® 3)-b -D-glucan on the defense m echa-
nisms of the lung, in terms of the inflammatory re-
sponse  elicited by endotoxin.  Here we  report  work
on suppression of the endotoxin-induced neutrophil
response and on the dose of curdlan. Data on the in-
halation  effects  of  different  form s  of  (1® 3)-b -D-
glucan are also presented.
Materials and methods
We used full-grown guinea pigs in the experim ents.
They were kept in an exposure cage and subjected to
a continuous-flow aerosol. Different forms of (1® 3)-
b -D-glucan and endotoxin (Escherichia coli 026:B6,
Difco Laboratories,  Detroit,  M ichigan,  USA)  were
suspended in water (100 and 25 m g/ml, respectively)
and placed in a Collison spray for aerosolization. The
anim als were exposed to (1® 3)-b -D-glucan for  4 h
and to endotoxin for 40 min.
After the  exposure,  the animals  were given a  le-
thal  injection  of  sodium  pentothal  intraperitoneally
and a lung lavage was performed according to a tech-
nique described previously [6]. The lavage fluid was264         Mediators of Inflammation ￿ Vol 6 ￿ 1997
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centrifuged and stained, and then a differential count
of the free lung cells was performed.
Results
Table 1 shows the cellular response after exposure to
different forms of (1® 3)-b -D-glucan. None elicited
a change in the num ber of different cell types.
The endotoxin-induced neutrophil invasion into the
airways after different doses of curdlan is shown in
Fig. 1. Depression of the neutrophil influx after en-
dotoxin exposure was dose-related to the amount of
cu rdlan.  A   sim ilar  dep ressio n   w as  fo u n d   fo r
eosinophils (data not shown).
Discussion
The  results  from   these  experiments  confirm  earlier
results  indicating  that  curdlan  does  not  cause  neu-
trophilia in the airways after a single inhalation. Sim -
ilar results were obtained when other forms of (1® 3)-
b -D-glucan were used. However, there is evidence that
some forms of (1® 3)-b -D-glucan may cause an in-
flam m atory  response  when  adm inistered  through
routes other than inhalation. Sakurai et al. [7] inject-
ed a highly branched (1® 3)-b -D-glucan isolated from
Sclerotinia sclerotiorum  intravenously in mice. Sev-
eral  functions  of  pulm onary  macrophages,  such  as
lysosom al enzyme activity and cytokine production,
were elevated 1 day after the exposure and interfer-
on-g  m essenger RNA expression was elevated in lung
tissue. In in vitro studies on murine peritoneal mac-
rophages, Okazaki et al. [8] demonstrated an increase
in  hydrogen  peroxide  production  after  exposure  to
zymosan but not after exposure to gel-forming (1® 3)-
b -D-glucans.  In  a  later  publication  [9],  it  was  sug-
gested that the branching ratio and m olecular weight
were  important  determinators  for  the  induction  of
cytokine production. Similar findings were reported
by Ohno et al. [10], w ho showed that the in vitro pro-
duction of tumor necrosis factor-a , nitric oxide and
hydrogen peroxide by mouse peritoneal macrophag-
es was related to the single helix configuration of the
(1® 3)-b -D-glucan. They also showed that the (1® 3)-
b -D-glucan receptor binding w as strongest for the tri-
ple  helix  configuration,  w hich  suggests  that  differ-
ences in the configuration of (1® 3)-b -D-glucan will
cause  different  effects.  Further  work  is  required  to
determ ine whether the depression in ovalbumin anti-
body formation by curdlan, which we have observed
(unpublished data), is also elicited by the (1® 3)-b -
D-glucans  that  induce  inflammation  or  whether  the
two processes are independent.
The present results confirm previous observations
of a blocking effect on the neutrophil response after
endotoxin exposure [5], and further demonstrate that
this effect is dependent on the dose of curdlan.  The
mechanism   is  probably  not  related  to  the  receptor
function binding, as this is very specific for (1® 3)-
b -D-glucan. A more likely mechanism is an effect on
macrophage function  with a decreased  secretion of
chemotactic  cytokines.
In  summary,  our  results  show  that  the  effects  of
inhaled (1® 3)-b -D-glucan are complex and that the
inflam matory and immune competent cells respond
Table 1. Inflammatory cells (´ 10
6/g lung) in lung lavage 24 h after exposure to different
forms of (1® 3)-b -D-glucan (100 m g/ml)
Exposure Macrophages Lymphocytes Neutrophils Eosinophils
Control 2.3 (0.4) 0.1 (0.1) 0.09 (0.05) 0.7 (0.3)
Curdlan 2.6 (1.6) 0.2 (0.2) 0.05 (0.04) 2.3 (1.2)
Schizophyllan 1.7 (0.8) 0.0 (0.0) 0.02 (0.01) 0.7 (0.3)
Pullalan 1.6 (0.8) 0.1 (0.1) 0.07 (0.07) 1.7 (1.1)
Particulate glucan 2.0 (0.7) 0.1 (0.5) 0.07 (0.02) 1.3 (0.7)
Barley glucan 3.0 (0.9) 0.1 (0.1) 0.02 (0.02) 1.7 (0.8)
Grifolan 5.5 (1.8) 0.1 (0.1) 0.04 (0.04) 1.9 (0.6)
Grifolan* 4.1 (2.0) 0.0 (0.0) 0.02 (0.01) 1.4 (0.5)
Values are means (SD),  n = 5. *1000 m g/ml.
FIG. 1. Lung lavage neutrophils (´ 10
6/g lung) 24 h after 40 min of
exposure to endotoxin (LPS, lipopolysaccharide) and 4 h of expo-
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differently  to  other  agents  w hen  pretreated  with
glucan. This agent may therefore be an im portant fac-
tor  in  the  development  of  pathological  reactions  in
the lungs.
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